Tobramycin-resistant burn wound isolates of Klebsiella pneumoniae and Enterobacter cloacae, together with Escherichia coli K-12 transconjugants from these two strains, were examined for plasmid deoxyribonucleic acid (DNA). All the resistant strains contained a common, high-molecular-weight, covalently closed circular DNA plasmid that was absent in the tobramycin-susceptible E. coli recipient strain. The common plasmid residing inELctocae was designated pIE098, and that residing in _..neumatie was designated pIE099. Both plasmid species were found to have a molecular mass of approximately 60 x 106 daltons and a guanine-plus-cytosine content of 50 mol%. The DNA that was extracted from all of the tobramycin-resistant strains tested was able to hybridize to 86 to 100% with pIE098 and pIE099 [3H]DNA generated by EcoRI to produce fragments of a size similar to those generated by BamHI. This study illustrates the) usefulness of simple screening methods for antibiotic resistance plasmids in a( hospital epidemiological situation.
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Infections caused by gram-negative bacilli currently constitute the most frequent type of nosocomial infection, a fact that has profound implications for patients with major burns. A serious threat to the control of burn wound infections has been the emergence of bacteria harboring transmissible antibiotic resistance plasmids (R plasmids) that are selected for under the pressure of intense antibiotic therapy (13, 15, 23, 25) . Minshew et al. (19) have reported the isolation of tobramycin-resistant strains of Klebsiella pneumoniae and Escherichia coli from burn patients undergoing tobramycin therapy. Tobramycin resistance in the Klebsiella and Enterobacter isolates could be transferred to E. coli recipients and was associated with the enzymatic acetylation of tobramycin and other aminoglycosides. The acetylating activities of these strains were found to resemble kanamycin acetyltransferase or an aminoglycoside-6'-acetyltransferase (9) .
This study reports the isolation and partial characterization of a common, self-transmissible R plasmid specifying tobramycin resistance in the Klebsiella and Enterobacter strains. The presence of a similar plasmid in these two enterobacteria indicates the probability of R-plasmid transmission within the isolated environment of the burm unit.
MATERIALS AND METHODS
Bacterial strains. The bacterial strains used in this study are listed in Table 1 .
Conjugal transfer of antibiotic resistance.
Transfer of antibiotic resistance was performed as previously described (19) . The growth medium was brain heart infusion broth (Difco). The antibiotic selective medium was Trypticase soy agar (Baltimore Biological Laboratories) supplemented with 25 ug of nalidixic acid per ml and 2 gAg of tobramycin per ml.
Assays for acetylating activity. Osmotic lysates of bacterial cells were prepared by a modification of the technique of Nossal and Hepple (21) as previously described (28) .
Assays for the acetylation of tobramycin were based on the phosphocellulose paper-binding method of Benveniste and Davies (1). 3H-labeled acetyl coenzyme A (New England Nuclear Corp.) was used for the cosubstrate as described by Stevens et al. (28 circular plasmid DNA was further purified by an additional centrifugation in cesium chloride-ethidium bromide gradients as previously described (10) .
[3H]-thymine-labeled pIE098 and pIE099 plasmid DNA was prepared from E. coli 185 (F-) as described by Heffron et al. (11) . DNA-DNA hydridization studies. DNA-DNA duplex formation between labeled plasmid DNA and whole cellular DNA from selected strains was performed as previously described by Crosa et al. (5) .
Agarose gel electrophoresis of DNA. Plasmid DNA was initially detected and partially characterized by the agarose gel method of Meyers et al. (17) .
DNA contour length determination. Plasmid DNA was spread onto Parlodian-coated electron microscope grids by the Kleinschmidt technique (6) . Molecular weights of plasmids were calculated as previously described (10, 11) .
Determination of guanine-plus-cytosine con- 
RESULTS
Tobramycin-resistant strains of K. pneumoniae and E. cloacae were isolated from wound cultures of patients in the adult burn intensive care unit at Parkland Memorial Hospital, Dallas, Tex. (19) . In this study, resistances to tobramycin, kanamycin, and neomycin were cotransferred by conjugation from these resistant strains to E. coli 185 ( Table 1) . The E. coli transconjugants were shown to be resistant to high concentrations of tobramycin, and osmotic lysates prepared from donor and transconjugate strains acetylated tobramycin.
Detection of R plasmids in tobramycinresistant isolates. Since some R plasmids have been shown to mediate the synthesis of enzymes that modify aminoglycoside antibiotics (1) , the two donor tobramycin-resistant clinical isolates (E. cloacae 264 and K. pneumoniae 355) and selected E. coli transconjugants were examined for the presence of extrachromosomal DNA. Ethanol-precipitated DNAs from cleared lysates were subjected to agarose gel electrophoresis. All of the resistant strains contained a common, high-molecular-weight, covalently closed circular DNA band (Fig. 1B-G) , which was absent in the tobramycin-susceptible strain (Fig. 1A) . This evidence suggests that the genes mediating resistance to tobramycin are located on this common plasmid, although, clearly, the K. pneumoniae and E. cloacae contain other extrachromosomal elements in addition to the putative R plasmid.
To determine whether or not these "common" plasmids (common by virtue of their similar molecular masses) were related, it was necessary to label them specifically and carry out DNA-DNA hybridization studies. The E. coli transconjugants, as shown in Fig. 1C and G, were chosen for further study, since they contain only a large extrachromosomal DNA species and do not appear to harbor the smaller DNA elements as judged by agarose gel electrophoresis. The putative tobramycin resistance plasmid originating in E. cloacae 264 was designated pIE098, whereas its counterpart, originally detected in K. pneumoniae 355, was designated pIE099.
Relationship between pIE098 and pIE099. To determine whether these two putative R plasmids shared significant DNA base sequence homology, sheared, denatured plasmid
[3H]-DNA from pIE098 and pIE099 was hybridized against sheared, denatured, whole cell DNA extracted from each of the strains listed in Table   2 . DNA extracted from all of the tobramycinresistant strains, including the original clinical isolates as well as E. coli K-12 transconjugants, hybridized to 86 to 100% with 3H-labeled pIE098 or pIE099. These data suggest that the common VOL. 13, 1978 Figure 2 shows the EcoRI-generated fragments of each plasmid (the BamHI data are not shown). These results, together with those of hybridization studies, demonstrate that plasmid pIE098 and plasmid pIE099 are indistinguishable by these methods.
Molecular nature of pIE098 and pIEO99. The molecular weights of purified pIE098 and pIE099 plasmid DNAs were estimated by comparing their relative distances of migration in 0.7% agarose gels with a series of well-characterized molecular weight marker DNAs. By this criterion, these plasmids have a molecular mass of 68 x 106 daltons (68 megadaltons [Mdal] closed circular plasmid DNA species ranging in size from 0.6 to 95 Mdal can be easily separated by electrophoresis in 0.7% agarose gels. The resolution is such that a plot of the logarithm of relative migration through the gel versus the logarithm of plasmid molecular mass gives a straight line (17) . The higher value derived here by the gel electrophoresis technique might be explained by the nature of the plot (i.e., log of the molecular mass versus log of the relative distance of migration), in that, with plasmid species higher than 50 Mdal in mass, small differences in mobility are reflected in relatively large differences in apparent molecular weights.
Guanine-plus-cytosine determinations were performed by centrifuging purified [3H]thymine-FIG. 2. EcoRIrestriction endonucleasepatterns of labeled pIE098 and pIE099 in neutral CsCl gra-purified plasmid DNA. (A) PlasmidpIE098, (B) plasdients together with E. coli chromosomal ["C]-mid pIE099. Approximately 2 U of EcoRI was added DNA (guanine-plus-cytosine content, 50 mol%). to 1.5 pg ofplasmid DNA (total volume of 60 1lI) in Both tobramycin resistance plasmids have a 100 mM tris(hydroxymethyl)aminomethane-hydrocontent of 50 mol%, a ratio similar to many R chloride, 50 mM NaCl, and 5 mM MgCl2 (pH 7.5). plasmids found among Enterobacteriaceae (3, After 1.5 h of digestion at 37°C, the resultant frag-18).
ments were subjected to electrophoresis in a 0.7% agarose gel.
DISCUSSION
is therefore of paramount importance to monitbr
The incidence of R-plasmid-mediated resis-the dissemination and persistence of R plasmids tance among clinical isolates is most evident in in these particular hospital settings. Most epihighly selective environments such as intensive demiological studies to date, with few exceptions care units and burn wards, where the daily ad-(e.g., 13 ), have been largely descriptive and retministration of antibiotics is often a necessity. It rospective in nature, and R plasmids have been identified on the basis of their drug resistance markers. As Richmond (22) has pointed out, this is a hazardous procedure, since the number of recognized resistance markers usually accounts for only a small fraction of the 50 or so genes carried on an average-size R plasmid. The danger in this kind of analysis is increased because many antibiotic resistance genes reside on segments of DNA that are capable of transposing themselves from DNA replicon to DNA replicon (4, 14, 24) . Presumably, therefore, "novel" Rplasmid species could be generated by such a drug resistance transposon inserting itself into an indigenous and heretofore phenotypically cryptic plasmid. In point of fact, this same mechanism has been postulated to account for the emergence of ampicillin, tetracycline, and kanamycin resistance plasmids in Haemophilus influenzae (7) . Convincing epidemiological evidence for the in vivo transfer of R plasmids requires more insight into the molecular characteristics of the extrachromosomal elements than merely comparing drug resistance markers.
In Alterna- tively, endonuclease digests of purified plasmid DNAs (of similar molecular mass) could have been compared for identity. By these means, the hypothesis that a single R plasmid "took a romp" through five gram-negative genera in a burn unit could have been experimentally confirmed or rejected.
A major question remains, namely, what served as the reservoir for this R plasmid? The human intestinal flora are an important source of disease and R plasmids in the population as a whole, especially for critically burned patients (20) . Although this study does not provide concrete evidence that in vivo transfer was the mechanism of R-plasmid dissemination, welldocumented studies (e.g., 8, 13) indicate that this occurs with significant frequency as a response to antibiotic selective pressure. In addition, recent findings support the view that bacterial contaminants previously considered innocuous as well as emerging "new" pathogens can, in the selective hospital environment, serve as important R-plasmid reservoirs. For example, environmental isolates of Alcaligenes spp. have been found to transfer antibiotic resistances to Pseudomonas aeruginosa in burned mice (R. P. Hummel, P. W. Miskell, and B. C. MacMillan, Abstr., Am. Burn Assoc., Ninth Annu. Meet., Anaheim, Calif., 1977, p. 55). Schaberg et al. (25) have reported the transfer of resistance plasmids from Serratia marcescens to E. coli in urine. These investigators postulated that the urinary catheter bag may be a potential site for extraintestinal R-plasmid transfer among Enterobacteriaceae, and the in situ transfer of resistance factors may significantly contribute to the incidence of nosocomial infections. It is equally likely, of course, that one of the original tobramycin-resistant gram-negative isolates served as the origin of this ubiquitous R-plasmid.
The techniques of DNA-DNA hybridization and restriction endonuclease analysis provide a powerful epidemiological tool for following and controlling R-plasmid dissemination. Isolates from an outbreak of multiply resistant Proteus sp., for example, could be screened for plasmids by taking advantage of the ease and speed of the agarose gel electrophoresis technique (17) . If, several months later, an outbreak of Klebsiella with the same resistance pattern occurred, the investigator would have at hand a molecular probe for determining whether or not the R plasmid had been stably maintained in the hospital environment. Steps could then be taken to track down the source and reduce, if not eliminate, the resistance plasmid pool. If commonmolecular-weight R plasmids are detected, restriction endonuclease analysis provides a fast and sensitive method for determining DNA-DNA relatedness without the costly equipment, materials, and time required for hybridization studies. This type of basic biological approach could take R-factor research from its limited epidemiological role in post facto statistics to a level where it would be possible to predict plasmid-determined resistance before it were encountered in clinical isolates.
